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CONTENT SELECTION for selecting content associated with the plurality of impres 
sion records . The indication can be provided to a content 

CROSS - REFERENCES TO RELATED selector executing on a server . The indication can be pro 
APPLICATIONS vided responsive to the weight being less than a threshold . 

5 In some implementations , the impression records corre 
This application claims the benefit of priority under 35 spond to a type of content provider . In some implementa 

U . S . C . § 120 as a continuation of U . S . patent application Ser . tions , the method includes selecting the impression records 
No . 14 / 085 , 153 , filed Nov . 20 , 2013 , which is hereby corresponding to a time interval . In some implementations , 
incorporated by referenced herein in its entirety . the indication of user interest indicates that a user selected 

10 a content item of the content impression or the user did not 
BACKGROUND select the content item of the content impression . 

In some implementations , the features include at least two 
In a networked environment such as the Internet , web of a web page category , a content category , a geographic 

publishers such as people or companies can provide infor - region , and a language . In some implementations , the com 
mation for display on web pages or other documents . The 15 bination feature includes a combination of at least two of a 
web pages can include text , video , or audio information web page category , a content category , a geographic region , 
provided by the entities via a web page server for display on and a language . 
the internet . Content providers , such as third party adver - In some implementations , the method includes determin 
tisers , can provide additional content for display on the web ing , via the logistic regression , a weight for each of the 
pages together with the information provided by the web 20 plurality of features . The method can include identifying a 
publishers . A content selection server may select certain lowest weight based on the weight for each of the plurality 
additional content to display on a rendering of a web page of features . The method can also include transmitting an 
based on various factors including , e . g . , content selection indication to disable a feature corresponding to the lowest 
criteria associated with the content to be displayed . Thus , a weight . In some implementations , the method can include 
person viewing a web page can access the information that 25 modifying the threshold using content performance feed 
is the subject of the web page , as well as selected third party back . The content performance feedback can include at least 
content that may appear with the web page . one of a click through rate and conversion rate . 

In some implementations , the method includes receiving , 
SUMMARY via the computer network , a request for content correspond 

30 ing to the combination feature . The method can include 
Systems and methods of the present disclosure are identifying that the combination feature is disabled for 

directed generally to content selection . More specifically , selecting content associated with the plurality of impression 
systems and methods of the present disclosure are directed records . The method can also include identifying that the 
to determining one or more low impact ( e . g . , negative ) combination feature is enabled for second content associated 
features to facilitate content selection . A feature may be “ low 35 with a second plurality of impression records . The method 
impact ” if a content impression ( e . g . , when the content item can include selecting the second content as a candidate for 
is provided for display on a web page to a user device ) display on a user device associated with the request . 
associated with the feature is less likely to result in a click In some implementations , the method includes determin 
or conversion , as compared to a content impression not ing , via the logistic regression , based on a second plurality 
associated with the feature . In an illustrative implementa - 40 of impression records , a second weight for the combination 
tion , all restaurant advertisement impressions may result in feature . The second weight may be determined based on a 
an overall click through rate of 1 % . However , restaurant set of impression records corresponding a different time 
advertisement impressions on web pages about printers may interval . The method can include transmitting to the content 
result in a lower click through rate of 0 . 1 % . Thus , displaying selector , responsive to the second weight being greater than 
restaurant advertisements on printer web pages may be a low 45 a second threshold , an indication to enable the combination 
impact feature because this combination results in a click feature for selecting content associated with the second 
through rate that is less than the click through rate for all plurality of impression records . 
restaurant advertisement impressions by a factor of 10 . In some implementations , the method includes determin 

At least one aspect is directed to a method of selecting ing , via the logistic regression , a second weight for a feature 
content via a computer network . In some implementations , 50 of the plurality of features . The method can also include an 
the method includes accessing a data structure storing , in a transmitting an indication to enable the feature for selecting 
memory element , a plurality of impression records . Each content associated with the plurality of impression records . 
impression record can include one or more features and an The indication can be transmitted to the content selector 
indication of user interest corresponding to a content impres - responsive to the second weight being greater than a second 
sion . The method can include identifying a combination 55 threshold . 
feature based on at least two of the features . The combina At least one aspect is directed to a system for selecting 
tion feature can indicate that the at least two features content via a computer network . In some implementations , 
correspond to a same content impression . The method can the system can include a data processing system , at least one 
include performing a statistical model ( e . g . , logistic regres - processor and a memory element . The data processing 
sion model ) using the impression records and the combina - 60 system can be configured to access a data structure storing , 
tion feature . In some implementations , a processor of a data in the memory element , impression records . Each impres 
processing system executes the statistical model . The sion record can include a features and an indication of user 
method can include determining , via the statistical model , a interest corresponding to a content impression . The data 
weight for the combination feature . The weight can indicate processing system can be configured to identify a combina 
user interest in content impressions associated with the 65 tion feature based on at least two of the plurality of features . 
combination feature . The method can include providing or The data processing system can be configured to execute a 
transmitting an indication to disable the combination feature logistic regression using the impression records and the 
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combination feature . The data processing system can be sponding to printer web pages may be a low impact feature 
configured to determine , via the logistic regression , a weight because this combination results in a click through rate that 
for the combination feature . The data processing system can is less than the click through rate for the set of restaurant 
be configured to transmit an indication to disable the com - content impressions impressions by a factor of 10 . 
bination feature for selecting content associated with the 5 In some implementations , systems and methods of the 
plurality of impression records . The data processing system present disclosure facilitate identifying low impact features 
can transmit the indication via a computer network respon using a logistic regression model . The data input to the 
sive to the weight being less than a threshold . logistic regression can include logged impression data , 
At least one aspect is directed to a non - transitory com where each impression record stored in the log includes 

puter - readable storage medium that includes processor 10 several features and a label . The features can include , e . g . , 
executable instructions for selecting content via a computer a content category ( e . g . , travel , restaurant , books , cars ) , a 
network . In some implementations , the instruction include web page category ( e . g . , news , travel , restaurant , car ) , 
instructions to access a data structure storing , in a memory country ( e . g . , United States ) , and language ( e . g . , English , 
element , impression records . Each impression record can French , Spanish ) . The label can indicate whether the content 
include a features and an indication of user interest corre - 15 impression resulted in a user interaction ( e . g . , a click or 
sponding to a content impression . The instructions can no - click ) . Further , and in some implementations , the input to 
include instructions to identify a combination feature based the logistic regression can include a feature combination , 
on at least two of the plurality of features . The instructions such as advertisement _ category X web _ page _ category X 
can include instructions to execute a logistic regression country X language . In other implementations , the logistic 
using the impression records and the combination feature . 20 regression model can automatically determine relevant fea 
The instructions can include instructions to determine , via ture combinations . 
the logistic regression , a weight for the combination feature . The output of the logistic regression model can include a 
The instructions can include instructions to transmit an coefficient value for one or more feature or feature combi 
indication to disable the combination feature for selecting nation . The coefficient may be indicative of the likelihood 
content associated with the plurality of impression records . 25 that a content impression associated with the feature or 
The instructions can include instructions to transmit the combination of features will result in a click or conversion . 
indication via a computer network responsive to the weight In some implementations , a higher coefficient may be asso 
being less than a threshold . ciated with an increased likelihood that a content impression 

associated with the feature will result in a click or conver 
BRIEF DESCRIPTION OF THE DRAWINGS 30 sion ( e . g . , a user may be more likely to be interested in the 

content when the content impression is associated with the 
The details of one or more implementations of the subject feature ) . In an illustrative implementations , the coefficient 

matter described in this specification are set forth in the for a restaurant content category may be 0 . 5 , a printer web 
accompanying drawings and the description below . Other page category may be 0 . 1 , a United States country may be 
features , aspects , and advantages of the subject matter will 35 0 . 2 , and language of English may be 0 . 3 . Further , the 
become apparent from the description , the drawings , and the coefficient for the combination of these four features may be 
claims . negative 0 . 4 . 

FIG . 1 is an illustration of an example implementation of In some implementations , the system can report the 
a system for content selection via a computer network . coefficient values . In some implementations , the system can 

FIG . 2 is an illustration of an example of an implemen - 40 use the coefficient values to facilitate content selection . In 
tation of a method of content selection via a computer some implementations , the system compares the coefficient 
network . values with a threshold to make a determination regarding 

FIG . 3 is a block diagram illustrating a general architec content selection . In an illustrative implementation , the 
ture for a computer system that may be employed to imple system may determine that the combination of restaurant 
ment various elements of the systems and methods described 45 advertisements displayed on printer web pages in the United 
herein , in accordance with an implementation . States in English is a low impact feature because the 

Like reference numbers and designations in the various coefficient - 0 . 4 is less than 0 . In some implementations , the 
drawings indicate like elements . system may determine that this feature is a low impact 

feature because the coefficient is less than a threshold . In 
DETAILED DESCRIPTION 50 some implementations , the system may determine that this 

feature is low impact because its coefficient is the lowest 
Systems and methods of the present disclosure relate ranking coefficient or based on some other comparison with 

generally to facilitating content selection . More specifically , the remaining features . Thus , in some implementations , the 
and in some implementations , systems and methods of the system may determine not to select restaurant advertise 
present disclosure are directed to determining one or more 55 ments for display on English language printer web pages 
low impact features associated with a content item to when the user device is in the United States . In some 
facilitate content selection . A feature may be “ low impact ” implementations , the system may indicate a reduced likeli 
if a content impression associated with the feature is less hood of user interest when restaurant advertisements are 
likely to be of interest to a user of a user device ( e . g . , less displayed in combination with the identified features . 
likely to result in a click or conversion ) , as compared to a 60 In some implementations , the threshold can be automati 
content impression not associated with the feature . In an cally optimized using feedback . For example , the system can 
illustrative implementation , a set of restaurant content monitor the performance of a content category based on a 
impressions may result in an overall click through rate of threshold and then adjust the threshold accordingly . In some 
1 % . However , a subset of restaurant content impressions , implementations , the data input to the logistic regression 
such as restaurant content impressions on web pages about 65 model can include a record of all impressions for a given 
printers , may result in a lower click through rate of 0 . 1 % . time period , such as the last week , month , 2 months , quarter , 
Thus , the subset of restaurant content impressions corre etc . 
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FIG . 1 illustrates one implementation of a system 100 for with the user device 110 , the web site operator 115 , and at 
content selection via a computer network such as network least one content provider 125 . The data processing system 
105 . The system 100 and its components , such as a data 120 can include at least one server . For example , the data 
processing system 120 , may include hardware elements , processing system 120 can include a plurality of servers 
such as one or more processors , logic devices , or circuits . 5 located in at least one data center . In some implementations , 
The network 105 can include computer networks such as the the data processing system 120 may include multiple , logi 
Internet , local , wide , metro , data , or other area networks , cally - grouped servers and facilitate distributed computing 
intranets , satellite networks , combinations thereof , and other techniques . In one of these implementations , the logical 
communication networks such as voice or data mobile group of servers may be referred to as a server farm or a telephone networks . The network 105 can be used to access 10 machine farm . In another of these implementations , the information resources such as web pages , web sites , domain servers may be geographically dispersed . In other imple names , or uniform resource locators that can be displayed on 
at least one user device 110 , such as a laptop , desktop , tablet , mentations , a machine farm may be administered as a single 

entity . In still other implementations , the machine farm personal digital assistant , smart phone , mobile computing 
devices , mobile telecommunication device , wearable com - 15 includes a plurality of machine farms . The servers within 
puting device , or portable computer . For example , via the each machine farm can be heterogeneous one or more of 
network 105 a user of the user device 110 can access web the servers or machines can operate according to one type of 
pages provided by at least one web site operator 115 . In this operating system platform . 
example , a web browser of the user device 110 can access In some implementations , servers in the machine farm 
a web server of the web site operator 115 to retrieve a web 20 may be stored in high - density rack systems , along with 
page for display on a monitor of the user device 110 . The associated storage systems , and located in an enterprise data 
web site operator 115 generally includes an entity that center . Consolidating the servers in this way may facilitate 
operates the web page . In one implementation , the web site system manageability , data security , the physical security of 
operator 115 includes at least one web page server that the system , and system performance by locating servers and 
communicates with the network 105 to make the web page 25 high performance storage systems on localized high perfor 
available to the user device 110 . mance networks . Centralizing the servers and storage sys 

Although FIG . 1 shows a network 105 between the user tems and coupling them with advanced system management 
device ( s ) 110 , data processing system 120 , content provider tools allows more efficient use of server resources . 
125 , and web site operator 115 , the user device ( s ) 110 , web Management of the machine farm may be de - centralized . 
site operator 115 , content provider 125 and data processing 30 In some implementations , one or more servers may com 
system 125 may be on the same network 105 . The network prise components , subsystems and circuits to support one or 
105 can be a local - area network ( LAN ) , such as a company more management services for the machine farm . In some of 
Intranet , a metropolitan area network ( MAN ) , or a wide area these implementations , one or more servers provide func 
network ( WAN ) , such as the Internet or the World Wide tionality for management of dynamic data , including tech 
Web . In some implementations , there are multiple networks 35 niques for handling failover , data replication , and increasing 
105 between the user devices 110 and the data processing the robustness of the machine farm . Each server may com 
system 120 , content provider 125 , and web site operator 115 . municate with a persistent store and , in some implementa 
In one of these implementations , the network 105 may be a tions , with a dynamic store . 
public network , a private network , or may include combi Server may include a file server , application server , web 
nations of public and private networks . 40 server , proxy server , appliance , network appliance , gateway , 

The network 105 may be any type or form of network and gateway , gateway server , virtualization server , deployment 
may include any of the following : a point - to - point network , server , secure sockets layer virtual private network ( “ SSL 
a broadcast network , a wide area network , a local area VPN " ) server , or firewall . In some implementations , the 
network , a telecommunications network , a data communi server may be referred to as a remote machine or a node . 
cation network , a computer network , an ATM ( Asynchro - 45 The data processing system 120 , content provider 125 , 
nous Transfer Mode ) network , a SONET ( Synchronous web site operator 115 , and user device 110 may be deployed 
Optical Network ) network , a SDH ( Synchronous Digital or executed on any type of client or server , or any type and 
Hierarchy ) network , a wireless network and a wireline form of computing device , such as a computer , network 
network . In some implementations , the network 105 may device or appliance capable of communicating on any type 
include a wireless link , such as an infrared channel or 50 and form of network and performing the operations 
satellite band . The topology of the network 105 may include described herein . 
a bus , star , or ring network topology . The network may In some implementations , the data processing system 120 
include mobile telephone networks utilizing any protocol or includes a content placement system having at least one 
protocols used to communicate among mobile devices , server . The data processing system 120 can also include at 
including advanced mobile phone protocol ( " AMPS " ) , time 55 least one logistic regression module 130 , at least one feature 
division multiple access ( “ TDMA ” ) , code - division multiple analyzer 135 , and at least one database 150 . In some 
access ( “ CDMA ” ) , global system for mobile communication implementations , the data processing system also includes a 
( “ GSM ” ) , general packet radio services ( “ GPRS ” ) or uni content selector 140 . In some implementations , the data 
versal mobile telecommunications system ( " UMTS ” ) . In processing system 120 also includes a categorizer 145 . The 
some implementations , different types of data may be trans - 60 logistic regression module 130 , feature analyzer 135 , con 
mitted via different protocols . In other implementations , the tent selector 140 , and categorizer 145 can each include at 
same types of data may be transmitted via different proto - least one processing unit or other logic device such as 
cols . programmable logic array engine , or module configured to 

The system 100 can include at least one data processing communicate with the database 150 . The logistic regression 
system 120 . The data processing system 120 can include at 65 module 130 , feature analyzer 135 , content selector 140 , and 
least one logic device such as a computing device having a categorizer 145 can be separate components , a single com 
processor to communicate via the network 105 , for example ponent , or part of the data processing system 120 . 
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In some implementations , the data processing system 120 the content item is to be displayed , a geographic region 
obtains anonymous computer network activity information associated with the user device on which the content item is 
associated with a plurality of user devices 110 . A user of a to be displayed , or a language of the web page or content 
user device 110 can affirmatively authorize the data process - item . 
ing system 120 to obtain network activity information 5 The data processing system 120 can select content items 
corresponding to the user ' s user device 110 . For example , for presentation based on matching attributes between the 
the data processing system 120 can prompt the user of the request and content item or results of an auction . For 
user device 110 for consent to obtain one or more types of example , the data processing system 120 can receive bids 
network activity information , such as geographic location from content providers and serve the content items associ 
information . The identity of the user of the user device 110 10 ated with the highest bidders ( or a combination of bid and 
can remain anonymous and the user device 110 may be the level of matching or other content item score ) at the 
associated with a unique identifier ( e . g . , a cookie ) . conclusion of the auction . The bids are amounts that the 

For situations in which the systems discussed here collect content providers are willing to pay for presentation ( or 
personal information about users , or may make use of selection ) of their content item on web page . For example , 
personal information , the users may be provided with an 15 a bid can specify an amount that a content provider is willing 
opportunity to control whether programs or features that to pay for each 1000 impressions ( e . g . , presentations ) of the 
may collect personal information ( e . g . , information about a content item , referred to as a CPM bid . Alternatively , the bid 
user ' s social network , social actions or activities , a user ' s can specify an amount that the content provider is willing to 
preferences , or a user ' s current location ) , or to control pay for a user interaction with ( e . g . , a click - through of or 
whether or how to receive content from the content server 20 hovering a pointer over the advertisement or a “ conversion " 
that may be more relevant to the user . In addition , certain following user interaction with the advertisement . 
data may be treated in one or more ways before it is stored Responsive to a request for content from a web page 
or used , so that certain information about the user is operator 115 , the data processing system 120 provides a 
removed when generating parameters ( e . g . , demographic content item for display with a web page on a user device 
parameters ) . For example , a user ' s identity may be treated so 25 110 . A user of the user device 110 may view the content item 
that no identifying information can be determined for the ( e . g . , an impression ) or may click on or select the content 
user , or a user ' s geographic location may be generalized item ( e . g . , a click ) . In some implementations , the data 
where location information is obtained ( such as to a city , ZIP processing system 120 or other server receiving or respond 
code , or state level ) , so that a particular location of a user ing to the content request logs the impression . In some 
cannot be determined . Thus , the user may have control over 30 implementations , the impression is logged in response to 
how information is collected about the user and used by a receiving the request . In some implementations , the impres 
content server . sion is logged responsive to serving the content item . In yet 

In one implementation , the data processing system 120 other implementations , the impression is logged response to 
receives content or content items from a content provider some or all of the content item being viewable on the web 
125 , such as a commercial entity , online retailer , business , 35 page on the user device ( e . g . , the impression is logged 
advertiser , individual or any entity that wants to provide responsive to 50 % or more of the content item being 
content for display on a user device 110 via the computer viewable on a portion of the web page being displayed on 
network 105 . The content or content items may include , e . g . , the user device ) . 
text , characters , symbols , images , video , audio , or multime - The data processing system 120 can store , log , record , or 
dia content . For example , a content item may include an 40 obtain , for one or more impressions , an impression record . 
online advertisement , article , promotion , coupon , or product The impression record can include information associated 
description . with the request for a content item , the response to the 

The data processing system 120 may provide the content request to the content item , serving the content item , dis 
item to the web page for display in response to receiving a playing the content item , or an indication of user interest in 
request for content from a computing device such as , e . g . , 45 the content item . In some implementations , the impression 
user device 110 . In some implementations , the data process - record includes , for each impression , features associated 
ing system 120 receives the request via an application with the impression such as a content item category , a web 
executing on the user device 110 . For example , a mobile page category , a geographic region associated with the user 
application executing on a mobile device ( e . g . , smart phone device , a language associated with the web page or content 
or tablet ) may make a request for content . In another 50 item , a category associated with a search query , a user device 
example , a web page may request content from the data type ( e . g . , mobile computing device , smartphone , laptop , 
processing system 120 responsive to a user of a user device desktop computer , tablet , operating system , touch enabled , 
110 visiting the web page . etc . ) , a time of day of the impression , or other features that 

In some implementations , the request for content includes can facilitate content selection . In some implementations , 
information that can facilitate content selection ( e . g . , key - 55 the impression record includes an indication of user interest 
words , search query , topic information , geographic infor - in the content item such as whether or not the user was 
mation , entities , historical data , etc . ) . In some implementa interested in the content item ( e . g . , a click or no - click ) . The 
tions , the data processing system 120 may request user may indicate interest by clicking on the content item , or 
information from the user device 110 to facilitate identifying making a selection , mouse over , finger gesture , shake 
content or selecting content . The data processing system 120 60 motion , voice command , tap , or another indication that 
may request or obtain information responsive to receiving a indicates user interest in the content item . 
request for content from the user device 110 . The informa - One or more data structures can store , in a memory 
tion may include information about displaying the content element of the data processing system 120 ( e . g . , database 
on the user device 110 ( e . g . , a content slot size or position ) 150 ) the impression records . The data structure can store the 
or available resources of user device 110 to display or 65 impression records in various ways . In some implementa 
otherwise manipulate the content . In some implementations , tions , a data structure can store some or all impression 
the information may indicate a web page category on which records associated with a content provider 125 , content 



US 10 , 417 , 286 B1 
10 

campaign ( e . g . , a collection of content groups associated a web page associated with a web page address or uniform 
with a single theme or message ) of a content provider 125 , resource locator of the web page . In some implementations , 
or a content group ( e . g . , a group of content items that share the categorizer can perform semantic analysis based on data 
similar content selection criteria and lead to a same landing associated with a web page to identify a topic or concept of 
page ) . In some implementations , the impression records can 5 the web page . The categorizer 140 may further parse or 
be categorized by content provider type . Each impression otherwise analyze content items to determine a content 

category , or content provider data to determine a content record may be associated with a content provider identifier , provider type . In some implementations , the categorizer 140 
content item identifier , or other unique identifier . can parse or otherwise analyze search queries to determine In some implementations , the data structure can store a search query category based on a schema or taxonomy impression records for a content item , content provider , or 10 ( e . g . , travel , flying , entertainment , etc . ) . 
content provider type in a table that includes one or more In some implementations , the data processing system 120 
rows and columns . In an illustrative implementation , includes a statistical module 130 or logistic regression 
impression records can be stored for a content item in a table module 130 designed and constructed to use a probabilistic 
where each row corresponds to an impression and each classification model to predict the outcome of a categorical 
column corresponds to information or features associated 15 dependent variable ( e . g . , a binary value such as click or no 
with that impression . Table 1 is an illustrative implementa click ; 0 or 1 ; or interested or not interested ) based on one or 
tion of impression records for content items stored in a table more predictor variables ( e . g . , features or combinations of 
form . features that can be real - valued , binary , categorical , etc . ) . In 

some implementations , a processor of the data processing 
TABLE 1 20 system 120 executes the logistic regression . The logistic 

regression module 120 can be configured to obtain impres 
Illustrative implementation of impression records sion records from database 150 or any other data structure or 

data source accessible via network 105 or data processing 
Web Label ( e . g . , system 120 . Using the impression records , the logistic 

Content Page click or 25 regression module 130 can model probabilities describing Content ID Category Category Country Language no click ) 25 
the possible outcomes of a trial as a function of the features . 

Content _ ID _ 1 Pizza Printers United English No Click In some implementations , the logistic regression can predict 
States the odds of a user clicking on a content item based on the Content _ ID _ 2 Pizza Travel United English Click values of one or more features or feature combinations States 

Content ID 3 Pizza News United English No click 20 associated with the same content item impression . A goal of 
States the logistic regression module 130 may be to estimate or 

identify a relationship between the features and the outcome . 
In doing so , the logistic regression module 130 can estimate 

The features stored in the data structure ( e . g . , content _ ID , one or more coefficients for features that fit a model . content category , web page category , country , language and in some implementations , the logistic regression module 
label ) may include at least one number , letter , character , or 35 130 can pre - process the input data ( e . g . , impression records ) 
symbol . In some implementations , the values or entries for to determine if there is a sufficient number of records or type 
a feature may include real numbers , text , strings , characters , of data to execute a logistic regression and identify coeffi 
keywords , binary numbers , or other indicator of information cients and generate a model that converges . If the logistic 
associated with a field . In some implementations , the values regression module 130 determines that there aren ' t a suffi 
or entries may correspond to a taxonomy or schema asso - 40 cient number of impression records for a content provider 
ciated with the feature . In some implementations , the entries 125 , content provider type , or content group , the logistic 
may include unambiguous entities ( e . g . , person , place or regression module 130 can wait to execute a logistic regres 
thing ) that include unique identifiers corresponding to an sion until there are a sufficient number of impression 
entity taxonomy records . 

A conversion occurs when a user initiates or completes a 45 In some implementations , the logistic regression module 
transaction related to a content item provided with a web 130 can select a subset of all impression records to use to 
page . What constitutes a conversion may vary from case to identify regression coefficients . The subset of impression 
case and can be determined in a variety of ways . For records can be , e . g . , selected based on content provider type , 
example , a conversion may occur when a user clicks on a content provider 125 , time interval , content campaign , con 
content item , is then referred or directed to a web page , and 50 tent group , etc . A content provider type may include broad 
initiates a purchase on the web page . A conversion can also categories such as retail , travel , entertainment , news , or 
be defined by a content provider to be any measurable / more granular categories such as pizza restaurants , shoe 
observable user action such as , for example , downloading a retailers , watch retailers , etc . In some implementations , 
white paper , navigating to at least a given depth of a website , content provider type may include company type ( e . g . , large 
viewing at least a certain number of web pages , spending at 55 businesses , small businesses , international corporations ) or 
least a predetermined amount of time on a website or web selected audiences ( e . g . , individual consumers , businesses , 
page , registering an account on a website , etc . Other actions governments , etc . ) . Time intervals can include impressions 
that constitute a conversion can also be used . in the last day , week , month , quarter , etc . 

In some implementations , the data processing system In some implementations , the logistic regression module 
includes a categorizer 140 designed and constructed to 60 130 can use the following logistic function , which can take 
identify a category , classification , schema , taxonomy , or on values between zero and one : 
other identifying characteristic that can be used as a feature 
of an impression record . In some implementations , the 
categorizer 140 can crawl web pages or web sites to identify 
web page categories based on meta data , keywords , domain 65 1 + e - Bo + B1 * 1 + B2x2 + . . . Pmim ) ' 

name , or other information associated with a web page . The 
categorizer 140 can store , in a data structure , a category for 

T ( X ) = 
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where the output f ( x ) is the probability that the dependent In some implementations , the data processing system 120 
variable equals a click ( a case or a success ) and is confined includes a feature analyzer 135 designed and constructed to 
to values between 0 and 1 ; and the input ( B . + . . . Bmxm ) can determine whether a feature , based on its weight , is likely to 
be a value from negative infinity to positive infinity and have a low impact or positive impact on content perfor 
account for multiple features ß . In some implementations , 5 mance . In some implementations , a negative weight for a 
Bm is a single feature ( e . g . , web page category ) , and in some feature or combination feature indicates that the presence of 
implementations Bm can be a combination feature ( e . g . , web that feature or combination feature is indicative of poor 
page category X content category X language X country ) . content performance ( e . g . , a low click through rate or 

The logistic regression module 130 can estimate the regres conversion rate ) . Thus , the feature analyze 135 can analyze 
sion coefficients Bm using various techniques including , e . g . , 10 a weight or regression coefficient of a feature or combination 

feature and compare it with a threshold . In some implemen a maximum likelihood estimation , an iterative process , to tations , the feature analyzer 135 compares a weight with a identify a solution at which point the process converges . In threshold to determine whether the weight is less than a some implementations , the logistic regression module 130 threshold . In some implementations , the threshold may be 0 , 
can identify a combination of features for which coefficients 15 a positive number or a negative number . 
converge . The model converging may indicate that the In some implementations , the data processing system 120 
coefficients are meaningfully related to one another . In some can adjust the threshold based on performance feedback 
implementations , the logistic regression module 130 may ( e . g . , click through rate or conversion rate ) . In an illustrative 
not include a combination of features if the model does not implementation , the data processing system 120 may deter 
converge ( e . g . , a large number of features to cases , multi - 20 mine that a threshold of 0 . 5 is too high because disabling all 
collinearity , sparseness , or complete separation ) . features or combination features below that threshold had a 

In some implementations , the logistic regression module negative impact on content performance ( e . g . , reduced click 
130 can use a combination feature based on two or more through rate or conversion rate ) . Accordingly , the data 
features of the impression records . In some implementa processing system 120 may decrease the threshold to 0 . 2 , 0 , 
tions , the logistic regression module 130 identifies the 25 - 0 . 2 , etc . until an optimal threshold is identified . The data 
combination feature . For example , the logistic regression processing system 120 may maintain a data structure that 
module 130 can iterate through all feature combinations and includes disabled features and monitor the performance each 
estimate coefficients for the combinations that satisfy a time a content impression is prevented from being displayed 
model . In some implementations , the data processing system due to the feature being disabled . 
120 can be configured to use a predetermined combination 30 In some implementations , the data processing system 120 
feature . In an illustrative implementation , a combination may compare the coefficients to identify whether to disable 
feature may include all features of an impression record . In a feature . In an illustrative implementation , the data pro 
another illustrative implementation , a combination feature cessing system 120 may disable a lowest ranking feature or 
may include web page category AND content category AND combination feature . In another implementation , the data 
language AND geographic location ( e . g . , country ) . In some 35 processing system 120 may disable a feature or combination 
implementations , the logistic regression module 130 can feature if the difference between its coefficient and the next 
identify regression coefficients for the largest combination closest feature coefficient is greater than a threshold . 
of features for which the model converges . In some imple - The feature analyzer 135 may transmit an indication to 
mentations , an administrator of the data processing system disable a combination feature responsive to the combination 
120 can modify the combination feature . In some imple - 40 feature being less than a threshold . In some implementa 
mentations , the data processing system 120 can identify an tions , the feature analyzer 135 may transmit the indication to 
optimum combination feature based on feedback . For a content selector , content serving system , content place 
example , the data processing system 120 may determine that ment system , or to another system , module , component or 
one or more combination features are more useful as low server accessible via data processing system 120 or network 
impact criteria because disabling them significantly 45 105 . In some implementations , the data processing system 
improves content performance . 120 includes a content server . Responsive to receiving a 
Upon fitting the module , the logistic regression module request for content , the data processing system 120 can 

130 can provide regression coefficients for one or more identify candidate content items based on whether a feature 
features or combination of features . The regression coeffi or combination feature is enabled or disabled . In an illus 
cients can be specific to a model and indicate the relative 50 trative implementation , if a combination feature is disabled 
effect of a particular feature on the outcome . In some for a content item , content group or content campaign , the 
implementations , the logistic regression module 130 deter content server may prevent a corresponding content item 
mines the regression coefficients using an optimization from being displayed when the feature or combination of 
procedure ( e . g . , maximum likelihood estimation ) that iden - features is present . Thus , by preventing the content item 
tifies values that best fit the observed data ( e . g . , impression 55 from being displayed in situations in which a viewer of the 
records ) that give the most accurate prediction for the content item will be unlikely to click on the content item , the 
observe data . In some implementations , the optimization data processing system 120 can improve content selection . 
procedure may be subject to regularization conditions that In some implementations , that data processing system 120 
seek to exclude unlikely values for regression coefficients can store , in a data structure corresponding to the content 
( e . g . , unlikely values for features such as web page category , 60 provider type , content provider , content campaign , content 
language , geographic region , content category , etc . ) . In group or content item , the indication of enabling or disabling 
some implementations , the logistic regression module stores the feature . Thus , upon receiving a request , a content server 
the regression coefficients ( or feature weights ) in a database can determine whether a feature or combination feature 
150 . In some implementations , the logistic regression mod associated with the content request is enabled or disabled for 
ule 130 can report the regression coefficients . In some 65 a candidate content item . If the feature or combination 
implementations , the logistic regression module 130 can feature is disabled , the content server can disregard the 
provide the regression coefficients to a feature analyzer 135 . content item as a candidate for display . Thus , the data 
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processing system 120 may not select a first content item plurality of features ( 205 ) . In some implementations , the 
based on the combination feature being disabled for the first combination feature can include a combination of some or 
content item , while identifying and selecting a second con - all features associated with the impression record . In some 
tent for which the combination feature is enabled . The data implementations , the features of the impression record may 
processing system 120 may further select the second content 5 include web page category , content item category , geo 
item as a candidate for display . graphic region associated with a user device associated with In some implementations , the regression coefficients can a content request that resulted in the impression record ( e . g . , 
vary over time based on changes in user interests , societal country , state , or region ) , language ( e . g . , language of the 
contexts , current events , social perceptions , etc . The data web page , content item or native language used on the user processing system 120 may determine , based on a set of 10 device ) , or search query category . The method 200 can impression records corresponding to a different time interval include a data processing system selecting the combination ( e . g . , more recent impression records , historical impression features based on a predetermined combination , or based on records , impression records filtered based on a criteria , etc . ) a logistic regression that identifies a combination of features a second weight for a feature or combination feature that is 
different than an initially determined weight . In some imple - 15 for which regression coefficient can be estimated . 
mentations , the second weight may be greater than the In some implementations , the method 200 includes 
threshold , while the first weight was less than the threshold . executing a logistic regression using the plurality of impres 
Thus , the data processing system 120 , upon determining that sion records and the combination feature ( 210 ) . In some 
the second weight is greater than the threshold , enable the implementations , the logistic regression includes identifying 
feature or combination feature . In some implementations , 20 the combination feature . In some implementations , the 
the data processing system 120 may set a higher threshold to method includes identifying regression coefficients associ 
enable a combination feature after it was disabled . For a ted with a feature or combination feature of the logistic 
example , if the combination feature was previously disabled , regression . In some implementations , the method 200 
the second weight may have to be greater than a second includes the data processing system determining a weight 
threshold in order for the combination feature to be enabled , 25 for the combination feature ( 215 ) . 
where the second threshold is greater than the first threshold . The method 200 can include a data processing system 

FIG . 2 is an illustration of one implementation of a comparing the weight of the combination feature with a 
method 200 of content selection via a computer network . In threshold . Responsive to the weight being less than the 
brief overview , the method 200 can include accessing a data threshold , the method 200 can include transmitting an indi 
structure storing , in a memory element , a plurality of 30 cation to disable the combination feature for selecting con 
impression records ( 205 ) . Each impression record can tent associated with the input impression records . The con 
include one or more features and an indication of user tent associated with the impression records may include 
interest corresponding to a content impression . The method content or content items that correspond to the same or 
200 can include identifying a combination feature based on similar content category , content provider type , content 
at least two of the features ( 210 ) . The method 200 can 35 provider , or content items themselves . Thus , in some imple 
include executing a logistic regression using the impression mentations , the results of the logistic regression may be 
records and the combination feature ( 215 ) . In some imple applied to future selection of the content items associated 
mentations , a processor of a data processing system executes with the impression records , or extrapolated influence con 
the logistic regression . The method 200 can include deter - tent selection of other related content items ( e . g . , same 
mining , via the logistic regression , a weight for the combi - 40 content provider type , content provider , content category , 
nation feature ( 220 ) . The method 200 can include transmit - etc . ) . 
ting an indication to disable the combination feature for FIG . 3 is a block diagram of a computing system 300 in 
selecting content associated with the plurality of impression accordance with an illustrative implementation . The com 
records ( 225 ) . The indication can be transmitted to a content puting system or computing device 300 can be used to 
selector executing on a server . The indication can be trans - 45 implement the system 100 , content provider 125 , user device 
mitted responsive to the weight being less than a threshold . 110 , web site operator 115 , data processing system 120 , 

In further detail , the method 200 includes accessing a data logistic regression module 130 , feature analyzer 135 , cat 
structure storing impression records ( 205 ) . In some imple - egorizer 140 , and database 150 . The computing system 300 
mentations , a data processing system ( e . g . , a logistic regres - includes a bus 305 or other communication component for 
sion module ) can access the data structure . In some imple - 50 communicating information and a processor 310 or process 
mentations , the data processing system can select all ing circuit coupled to the bus 305 for processing informa 
available impression records or a subset of all impression tion . The computing system 300 can also include one or 
records . In some implementations , the accessed data struc - more processors 310 or processing circuits coupled to the 
ture can include impression records for content items cor - bus for processing information . The computing system 300 
responding to a content provider type or content provider . In 55 also includes main memory 315 , such as a random access 
some implementations , the method includes selecting a memory ( RAM ) or other dynamic storage device , coupled to 
subset of impression records based on one or more factors or the bus 305 for storing information , and instructions to be 
criteria such as content provider type , content provider , time executed by the processor 310 . Main memory 315 can also 
interval , content category , performance metrics , click be used for storing position information , temporary vari 
through rate , conversion rate , etc . For example , the data 60 ables , or other intermediate information during execution of 
processing system may select impression records corre - instructions by the processor 310 . The computing system 
sponding to impressions in the last 30 days for content items 300 may further include a read only memory ( ROM ) 320 or 
associated with pizza advertisers or pizza advertisements . In other static storage device coupled to the bus 305 for storing 
some implementations , an administrator of a data processing static information and instructions for the processor 310 . A 
system can select a subset of impression records . 65 storage device 325 , such as a solid state device , magnetic 

In some implementations , the method 200 includes iden - disk or optical disk , is coupled to the bus 305 for persistently 
tifying a combination feature based on at least two of the storing information and instructions . 
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The computing system 300 may be coupled via the bus The term “ data processing apparatus ” or “ computing 
305 to a display 335 , such as a liquid crystal display , or device ” encompasses various apparatuses , devices , and 
active matrix display , for displaying information to a user . machines for processing data , including by way of example 
An input device 330 , such as a keyboard including alpha a programmable processor , a computer , a system on a chip , 
numeric and other keys , may be coupled to the bus 305 for 5 or multiple ones , or combinations of the foregoing . The 
communicating information and command selections to the apparatus can include special purpose logic circuitry , e . g . , an 
processor 310 . In another implementation , the input device FPGA ( field programmable gate array ) or an ASIC ( appli 
330 has a touch screen display 335 . The input device 330 can cation specific integrated circuit ) . The apparatus can also 
include a cursor control , such as a mouse , a trackball , or include , in addition to hardware , code that creates an execu 
cursor direction keys , for communicating direction informa - 10 tion environment for the computer program in question , e . g . , 
tion and command selections to the processor 310 and for c ode that constitutes processor firmware , a protocol stack , a 
controlling cursor movement on the display 335 . database management system , an operating system , a cross 

According to various implementations , the processes platform runtime environment , a virtual machine , or a 
described herein can be implemented by the computing combination of one or more of them . The apparatus and 
system 300 in response to the processor 310 executing an 15 execution environment can realize various different com 
arrangement of instructions contained in main memory 315 . puting model infrastructures , such as web services , distrib 
Such instructions can be read into main memory 315 from uted computing and grid computing infrastructures . 
another computer - readable medium , such as the storage A computer program ( also known as a program , software , 
device 325 . Execution of the arrangement of instructions software application , script , or code ) can be written in any 
contained in main memory 315 causes the computing system 20 form of programming language , including compiled or 
300 to perform the illustrative processes described herein . interpreted languages , declarative or procedural languages , 
One or more processors in a multi - processing arrangement and it can be deployed in any form , including as a stand 
may also be employed to execute the instructions contained alone program or as a circuit , component , subroutine , object , 
in main memory 315 . In alternative implementations , hard - or other unit suitable for use in a computing environment . A 
wired circuitry may be used in place of or in combination 25 computer program may , but need not , correspond to a file in 
with software instructions to effect illustrative implementa a file system . A program can be stored in a portion of a file 
tions . Thus , implementations are not limited to any specific that holds other programs or data ( e . g . , one or more scripts 
combination of hardware circuitry and software . stored in a markup language document ) , in a single file 

Although an example computing system has been dedicated to the program in question , or in multiple coor 
described in FIG . 3 , implementations of the subject matter 30 dinated files ( e . g . , files that store one or more circuits , sub 
and the functional operations described in this specification programs , or portions of code ) . A computer program can be 
can be implemented in other types of digital electronic deployed to be executed on one computer or on multiple 
circuitry , or in computer software , firmware , or hardware , computers that are located at one site or distributed across 
including the structures disclosed in this specification and multiple sites and interconnected by a communication net 
their structural equivalents , or in combinations of one or 35 work . 
more of them . Processors suitable for the execution of a computer pro 

Implementations of the subject matter and the operations gram include , by way of example , both general and special 
described in this specification can be implemented in digital purpose microprocessors , and any one or more processors of 
electronic circuitry , or in computer software , firmware , or any kind of digital computer . Generally , a processor will 
hardware , including the structures disclosed in this specifi - 40 receive instructions and data from a read only memory or a 
cation and their structural equivalents , or in combinations of random access memory or both . The essential elements of a 
one or more of them . The subject matter described in this computer are a processor for performing actions in accor 
specification can be implemented as one or more computer dance with instructions and one or more memory devices for 
programs , i . e . , one or more circuits of computer program storing instructions and data . Generally , a computer will also 
instructions , encoded on one or more computer storage 45 include , or be operatively coupled to receive data from or 
media for execution by , or to control the operation of , data transfer data to , or both , one or more mass storage devices 
processing apparatus . Alternatively or in addition , the pro - for storing data , e . g . , magnetic , magneto optical disks , or 
gram instructions can be encoded on an artificially generated optical disks . However , a computer need not have such 
propagated signal , e . g . , a machine - generated electrical , opti - devices . Moreover , a computer can be embedded in another 
cal , or electromagnetic signal that is generated to encode 50 device , e . g . , a mobile telephone , a personal digital assistant 
information for transmission to suitable receiver apparatus ( PDA ) , a mobile audio or video player , a game console , a 
for execution by a data processing apparatus . A computer Global Positioning System ( GPS ) receiver , or a portable 
storage medium can be , or be included in , a computer storage device ( e . g . , a universal serial bus ( USB ) flash 
readable storage device , a computer - readable storage sub - drive ) , to name just a few . Devices suitable for storing 
strate , a random or serial access memory array or device , or 55 computer program instructions and data include all forms of 
a combination of one or more of them . Moreover , while a non - volatile memory , media and memory devices , including 
computer storage medium is not a propagated signal , a b y way of example semiconductor memory devices , e . g . , 
computer storage medium can be a source or destination of EPROM , EEPROM , and flash memory devices ; magnetic 
computer program instructions encoded in an artificially disks , e . g . , internal hard disks or removable disks ; magneto 
generated propagated signal . The computer storage medium 60 optical disks ; and CD ROM and DVD - ROM disks . The 
can also be , or be included in , one or more separate processor and the memory can be supplemented by , or 
components or media ( e . g . , multiple CDs , disks , or other incorporated in , special purpose logic circuitry . 
storage devices ) . To provide for interaction with a user , implementations of 

The operations described in this specification can be the subject matter described in this specification can be 
performed by one or more data processing apparatus on data 65 implemented on a computer having a display device , e . g . , a 
stored on one or more computer - readable storage devices or CRT ( cathode ray tube ) or LCD ( liquid crystal display ) 
received from other sources . monitor , for displaying information to the user and a key 
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board and a pointing device , e . g . , a mouse or a trackball , by least two of the web page category , the content cat 
which the user can provide input to the computer . Other egory , the geographic region , the language , and the 
kinds of devices can be used to provide for interaction with device type ; 
a user as well ; for example , feedback provided to the user identify a statistical model using the plurality of records 
can be any form of sensory feedback , e . g . , visual feedback , 5 and the combination feature ; 
auditory feedback , or tactile feedback ; and input from the determine , via the statistical model , a weight for the 
user can be received in any form , including acoustic , speech , combination feature , the weight indicating interest in 
or tactile input . content presentations associated with the combination 

While this specification contains many specific imple feature ; and 
mentation details , these should not be construed as limita prevent , via the computer network responsive to the 
tions on the scope of any inventions or of what may be weight being less than a threshold , by a content selector 
claimed , but rather as descriptions of features specific to that executes on one or more servers , selection of the 
particular implementations of particular inventions . Certain one or more content items from the content group for 
features described in this specification in the context of 15 presentation in presence of the combination feature that 
separate implementations can also be implemented in com includes at least two features of the plurality of fea 
bination in a single implementation . Conversely , various tures . 
features described in the context of a single implementation 2 . The system of claim 1 , wherein the content item 
can also be implemented in multiple implementations sepa - includes audio . 
rately or in any suitable subcombination . Moreover , 20 3 . The system of claim 1 , comprising : 
although features may be described above as acting in the data processing system to receive the indication of 
certain combinations and even initially claimed as such , one interest in the content group based on feedback 
or more features from a claimed combination can in some received from a computing device comprising a digital 
cases be excised from the combination , and the claimed assistant . 
combination may be directed to a subcombination or varia - 25 4 . The system of claim 1 , comprising : 
tion of a subcombination . the data processing system to determine the indication of Similarly , while operations are depicted in the drawings in interest in the content group based on input received by 
a particular order , this should not be understood as requiring a computing device , the input comprising at least one 
that such operations be performed in the particular order of acoustic input , speech input , or tactile input . 
shown or in sequential order , or that all illustrated operations 30 5 . The system of claim 1 , comprising : 
be performed , to achieve desirable results . In certain cir the data processing system to determine the indication of 
cumstances , multitasking and parallel processing may be interest in the content group based on a voice com advantageous . Moreover , the separation of various system mand . 
components in the implementations described above should 6 . The system of claim 1 , comprising the data processing 
not be understood as requiring such separation in all imple - 35 system to : 
mentations , and it should be understood that the described determine the indication of interest in a first content item 
program components and systems can generally be inte of the content group based on input received by a 
grated in a single software product or packaged into multiple computing device ; and 
software products . prevent , via the computer network responsive to the 

References to “ or ” may be construed as inclusive so that 40 weight being less than a threshold , selection of a second 
any terms described using “ or ” may indicate any of a single , content item including audio from the content group for 
more than one , and all of the described terms . presentation in the presence of the combination feature . 

Thus , particular implementations of the subject matter 7 . The system of claim 1 , comprising : 
have been described . Other implementations are within the the data processing system to determine the indication of 
scope of the following claims . In some cases , the actions 45 interest in the content group based on network activity 
recited in the claims can be performed in a different order associated with at least one of the one or more content 
and still achieve desirable results . In addition , the processes items of the content group . 
depicted in the accompanying figures do not necessarily 8 . The system of claim 1 , comprising : 
require the particular order shown , or sequential order , to the data processing system to determine the indication of 
achieve desirable results . In certain implementations , mul - 50 interest in the content group based on input received by 
titasking and parallel processing may be advantageous . a computing device . 

9 . The system of claim 1 , comprising the data processing 
What is claimed is : system to : 
1 . A system for feature combination - based content selec determine , via the statistical model comprising a logistic 

tion via a computer network , comprising : 55 regression model , a weight for each of the plurality of 
a data processing system comprising memory and one or features ; 
more processors to : identify a lowest weight based on the weight for each of 

access a data structure storing , in the memory , a plurality the plurality of features ; and 
of records corresponding to a plurality of content transmit an indication to disable a feature corresponding 
presentations of one or more content items of a content 60 to the lowest weight . 
group , each of the plurality records including a plural - 10 . The system of claim 1 , comprising the data processing 
ity of features and an indication of interest in the system to : 
content group , the plurality of features including at receive , via the computer network , a request for content 
least two of a web page category , a content category , a corresponding to the combination feature ; 
geographic region , a language , and a device type ; 65 identify that the combination feature is disabled to prevent 

identify , from a record of the plurality of records , a selection of the one or more content items of the 
combination feature that includes a combination of at content group associated with the plurality of records ; 
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identify that the combination feature is enabled for a 
second content group comprising one or more second 
content items associated with a second plurality of 
impression records ; and 

select at least one of the one or more second content items 5 
as a candidate for presentation on a computing device 
associated with the request . 

11 . A method of feature combination - based content selec 
tion via a computer network , comprising : 

accessing , by a data processing system comprising 10 
memory and one or more processors , a data structure 
storing , in the memory , a plurality of records corre 
sponding to a plurality of content presentations of one 
or more content items of a content group , each of the 
plurality records including a plurality of features and an 15 
indication of interest in the content group , the plurality 
of features including at least two of a web page 
category , a content category , a geographic region , a 
language , and a device type ; 

identifying , by the data processing system , from a record 20 
of the plurality of records , a combination feature that 
includes a combination of at least two of the web page 
category , the content category , the geographic region , 
the language , and the device type ; 

identifying , by the data processing system , a statistical 25 
model using the plurality of records and the combina 
tion feature ; 

determining , by the data processing system , via the sta 
tistical model , a weight for the combination feature , the 
weight indicating interest in content presentations asso - 30 
ciated with the combination feature ; and 

preventing , by the data processing system , via the com 
puter network responsive to the weight being less than 
a threshold , a content selector executing on one or more 
servers from selecting the one or more content items 35 
from the content group for presentation in presence of 
the combination feature that includes at least two 
features of the plurality of features . 

12 . The method of claim 11 , wherein the content item 
includes audio . 40 

13 . The method of claim 11 , comprising : 
determining the indication of interest in the content group 
based on network activity associated with at least one 
of the one or more content items of the content group . 

14 . The method of claim 11 , comprising : 45 
determining the indication of interest in the content group 
based on input received by a computing device . 

15 . The method of claim 11 , comprising : 
receiving the indication of interest in the content group 

based on feedback received from a computing device 
comprising a digital assistant . 

16 . The method of claim 11 . comprising : 
determining the indication of interest in the content group 

based on input received by a computing device , the 
input comprising at least one of acoustic input , speech 
input , or tactile input . 

17 . The method of claim 11 , comprising : 
determining the indication of interest in the content group 

based on a voice command . 
18 . The method of claim 11 , comprising : 
determining the indication of interest in a first content 

item of the content group based on input received by a 
computing device ; and 

preventing , via the computer network responsive to the 
weight being less than a threshold , the content selector 
executing on one or more servers from selecting a 
second content item including audio from the content 
group for presentation in the presence of the combina 
tion feature . 

19 . The method of claim 11 , comprising : 
determining , via the statistical model comprising a logis 

tic regression model , a weight for each of the plurality 
of features ; 

identifying a lowest weight based on the weight for each 
of the plurality of features ; and 

transmitting an indication to disable a feature correspond 
ing to the lowest weight . 

20 . The method of claim 11 , comprising the data process 
ing system to : 

receiving , via the computer network , a request for content F corresponding to the combination feature ; 
identifying that the combination feature is disabled for 

selecting the one or more content items of the content 
group associated with the plurality of records ; 

identifying that the combination feature is enabled for a 
second content group comprising one or more second 
content items associated with a second plurality of 
impression records ; and 

selecting at least one of the one or more second content 
items as a candidate for presentation on a computing 
device associated with the request . 


